the half-filled magnetic shell, i.e. highest moment among the 3d magnetic elements, has a favorable effect on the strength of magnetic coupling. (Recall that the (Ga,Mn)As random alloy is not an intrinsic but rather a heavily doped degenerate semiconductor because Mn Ga is not an isovalent impurity.) Consistent with this trend there is a number of Mn-chalcogenide AFM semiconductors and there are also several FMs among the f -electron and lighter anion II-VI compounds. Still the transition temperatures of II-VI magnetic semiconductors do not safely exceed room temperature. Here the larger anions and more ionic bonds compared to the III-V's result in larger lattice parameters which softens the magnetic interactions.
The idea behind our work discussed in the following paragraphs is that by transferring only one proton to the anion and the other proton to a new lattice site should result in I-Mn-V semiconductors which combine the favorable tighter lattice arrangement of the group-V pnictides and the large magnetic moment on Mn.
Alkali-metal I-Mn-V compounds are stable materials which have been previously prepared by chemical synthesis in polycrystalline or powder forms. X-ray studies showed that the I-Mn-V's, as well as the non-magnetic I-II-V's, have a similar crystal structure to III-V semiconductors, as illustrated in Fig.1 
(c).
9-13 Neutron-diffraction measurements identified AFM coupling in the Mn-planes persisting to very high temperatures and a weaker interlayer coupling along the c-axis which persists in most of these compounds above 400 K. 11-13 While the chemists have provided us with the knowledge of these favorable structural and magnetic characteristics of I-Mn-V's, the compounds have been virtually unexplored by the physical materials research community. In particular there is no preexisting information on the electronic structure of I-Mn-V's and on the synthesis of alkali-metal group-I compounds by modern molecular beam epitaxy (MBE) growth techniques. We now proceed to address these two basic problems in the materials science of I-Mn-V compounds.
For the epitaxial growth of LiMnAs we used InAs substrate because the crystallographically equivalent As planes in InAs and in LiMnAs have very similar lattice parameters (4.283Å in InAs versus 4.267Å in LiMnAs), as inferred from X-ray data on the LiMnAs materials prepared previously by chemical synthesis. The comparison between the respective crystal structures (see Fig. 1 (by a factor of 1.5-2) suggesting that LiMnAs has a larger band gap than InAs.
The incorporation of Li and Mn in the grown epilayers was confirmed ex situ by a series of sputtering and X-ray photoemission measurements which showed, within the experimental scatter, the expected 1:1 ratio of Li and Mn inside the film. X-ray diffraction experiments presented in Fig. 3 prove that the films are epitaxial and single phase LiMnAs crystals. In addition to the InAs substrate peaks, the diffraction curve in Fig. 3(a) shows the full set of (001) Based on the equivalence between the lattice structure of our LiMnAs single-crystals and of the previously chemically synthesized polycrystalline bulk materials we expect the same AFM structure of the epilayers, as illustrated in Fig. 1(c) . Neutron diffraction measurements on thin film epilayers are not routinely available and attempts to perform these magnetic structure experiments on LiMnAs are beyond the scope of this initial work. Instead we performed superconducting quantum interference device (SQUID) measurements of the magnetization which are shown in Fig. 3 The ex situ optical transmission measurements of the LiMnAs grown on InAs is shown in Fig. 3(e) . The observed transparency of the wafer (up to the band-gap energy of the 0.5 mm thick InAs substrate) complements the above in situ optical demonstration of the semiconducting character of LiMnAs. The optical transparency of LiMnAs is in striking contrast to the control MnAs sample which, due to its metallic band structure, is strongly absorbing over the entire studied spectral range, as shown in Fig. 3 (e). We note that the enhanced absorption in LiMnAs/InAs wafer at the low-energy side of the spectrum is due to free carriers introduced by Li diffused into the InAs substrate during the growth. Interstitial
Li acts as a shallow donor in InAs and the resulting n-type doping of InAs can be as high as ∼ 10 18 − 10 19 cm −3 under our growth conditions. We made these observations based on our control experiment in which the InAs substrate was exposed in the MBE chamber to the Li flux alone. In the resulting InAs:Li we observe again the enhanced low-energy absorption which is correlated with high dc conductivity of the sample. After annealing the Li out of the InAs, the transparency at low energies is recovered and the conductivity drops to the nominal value of the unprocessed substrate.
We now proceed to the theoretical investigation of the electronic structure of the I-Mn-V compounds. We have performed band structure calculations of LiMnAs, NaMnAs, and KMnAs using full-potential density-functional theory. We found that the AFM state has always lower energy than the FM state. In LiMnAs, the difference in GGA is 34.4 mRy/atom (32.7 mRy/atom in LDA) and similarly in NaMnAs and KMnAs the AFM state is lower in energy by 32.9 and 32.5 mRy/atom, resp. Remarkably, these values, which can be used to estimate the Néel temperature T N , are larger in the I-Mn-V's than in metal Mn-based alloys whose T N ∼ 10 3 K. 14 Our calculations therefore reproduce not only the ground state AFM structure of I-Mn-V's but also explain the high T N .
The I-Mn-V AFMs are intrinsic semiconductors for the stoichiometric composition 1:1:1 of the constituent elements, as shown by LDA band dispersions in Fig. 4 the interface coupling between a FM and an AFM which is utilized, e.g., for pinning the FM via the exchange bias effect in giant or tunneling magneto-resistance spintronic sensor and memory devices.
1 The coupling can be also used for controlling the staggered moment orientation in the AFM by the exchange spring effect induced by rotating moments in the ferromagnet. 15 In an AFM alone, the MAE can be used to rotate the staggered moments by applying piezoelectric or electrostatic fields. 7 Note that the electrostatic effects are subtle and conceptually difficult to describe in metallic systems due to the strong screening effects of high-density free carriers. The intrinsic or weakly doped semiconductor character of I-Mn-V AFMs makes them particularly suitable and unique systems for achieving large electrostatic gating effects on the MAE.
Similar to the MAE, there is a class of anisotropic magneto-transport phenomena in bulk and nanostructured magnetic materials which are an even function of the microscopic moment. In very general terms, the physical origin of these effects is the anisotropy in the DOS with respect to the orientation of magnetic moments. Our DOS calculations shown in Fig. 5 (d) imply that these effects can be order of magnitude larger in the I-Mn-V AFMs compared to metal Mn-based AFMs 7 and can be tuned by varying the carrier concentration via doping or electrical gating in field-effect transistor structures. We note that no signficant qualitative differences were found when comparing the magnetic anisotropy effects in LiMnAs calcuated in the LDA and LDA+U.
To conclude, we have presented a new class of semiconductor materials which opens the prospect for high-temperature semiconductor spintronics. We have made an observation that the studied I-Mn-V AFM compounds are the simplest magnetic counterparts to conventional eight valence electron semiconductors which offer this prospect. In the experimental part of our study we have demonstrated on LiMnAs that high-quality single-crystals of group-I compounds can be grown by molecular beam epitaxy. Our ab initio calculations confirmed that the I-Mn-V compounds are strong AFMs, confirmed our prediction and experimental indications of the semiconducting band structure of these materials, and unveiled strong spin-orbit coupling character of conduction and valence band states favorable for spintronics.
These experimental and theoretical results define a framework for future systematic research of materials properties of the broad family of I-Mn-V compounds and of their utility in semiconductor nanostructures and spintronic devices.
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Republic. These anisotropies are order of magnitude larger than in the metal Mn-based AFMs and vary strongly near the valence band and conduction band edges.
